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Renal pathology suggests that tubular repair results from tubular proliferation. In contrast, recent studies
propose that postnatal kidney repair may involve renal stem cells. In this issue of Cell Stem Cell, Humphreys
et al. (2008) use lineage tracing to genetically assess contribution of adult nontubular cells (potentially stem
cells) to repair of damaged renal tubules.Just as it is necessary to challenge
dogma, so is it prudent not to unnecessar-
ily abandon the foundation upon which
the dogma arose. With the excitement
born of evidence for stem cells in the adult
brain, enthusiasm has grown about the
possibility that stem cells exist within all
adult organs, including the heart, lung,
liver, and pancreas. The story
of adult stem cells in the kid-
ney is short and speculative.
Developmental biology sug-
gests that all the functional
units of the kidney, the neph-
rons, have formed prior to
birth and that no progenitor
cell source remains (Hartman
et al., 2007). Unlike the liver,
resection of a kidney does
not elicit organ regrowth.
However, the ability of the
kidney to recover from a vari-
ety of insults, including toxic
damage and prolonged is-
chaemia, is well documented.
Based on analyses of postna-
tal division, the kidney has
been classified as an organ
of ‘‘simple duplication,’’ in
which repair resulted from
the division of differentiated
cells (Messier and Leblond,
1960). The adult brain was re-
garded as ‘‘static,’’ implying
the absence of both stem
cells and proliferation. In
more recent years, with the
isolation of apparently multi-
potent cells from a variety of
solid organs, including the
brain, the possibility that the
kidney contains stem cells has been rein-
vestigated. There have now been numer-
ous studies suggesting the existence of
long term self-renewing, slow-cycling
cells in the adult kidney, both within the
tubules themselves or in the stroma sur-
rounding these tubules (reviewed in Little,
2006). These studies have included long
term BrdU pulse-chase analyses that
have identified cells with long-term label-
ing within either the papilla or the tubular
epithelium itself. Other groups have iso-
lated subfractions of the kidney based
upon cell surface marker expression
(CD24, Sca1, CD133, Hoescht dye efflux)
or location (S3 segment of proximal tu-
bule, Bowman’s capsule epi-
thelium) and demonstrated
in vitro multipotentiality or
a capacity to integrate into
the kidney in response to in-
jury. What has not definitively
been demonstrated is the
presence of a long-term self-
renewing, clonal stem cell
population with a capacity to
contribute to renal repair.
So, do adult stem cells re-
ally exist in the kidney, or is
this data artifact? A similar di-
lemma has been addressed
in the pancreas by Dor et al.
(2004), using lineage tracing.
In that study, they investi-
gated whether or not adult
cells that were not already dif-
ferentiated into b cells ever
contributed to a pancreatic
islet. This was achieved by
inducible tagging of postnatal
b cells using transgenicCreER
driven by the insulin promoter
followed by assessment for
any evidence of ‘‘cellular dilu-
tion’’ of islets during normal
organ turnover, or in response
to damage (partial pancrea-
tectomy). This elegant study
conclusively showed that the
Figure 1. Tracing the Origin of Repaired Kidney Tubules
Renal tubule progenitors in the cap mesenchyme express the transcription
factor Six2. In Six2-GFPCre transgenic mice, primitive renal cells (green, top
panel) differentiate and lose Six2 expression, giving rise to red nephrons (mid-
dle) when crossed with DsRed.MST reporter mice (Humphreys et al., 2008).
Following ligation-induced injury, repaired tubules contained only red epithelial
cells (left, bottom), implying regeneration derived from the proliferation of in-
trinsic tubule cells, as opposed to repair arising from unmarked, nontubular
cells (right, bottom).Cell Stem Cell 2, March 2008 ª2008 Elsevier Inc. 191
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Previewsturnover and repair of islets result from
division of existing b cells and not from
a stem cell source.
In this issue of Cell Stem Cell, Hum-
phreys et al. (2008) have tackled the ques-
tion in the kidney in a similar fashion. The
progenitor population of the developing
kidney is the metanephric mesenchyme
(MM). A portion of the MM condenses to
form a cap mesenchyme that will epitheli-
alize to generate nephrons in response to
inductive signals from a ureteric epithelial
compartment (see Figure 1). The tran-
scription factor Six2 is expressed in the
cap mesenchyme, but expression is lost
during initiation of nephron induction
(Self et al., 2006). Hence, all of the cells
of the resulting nephron have expressed
Six2 but no longer do so once they be-
come epithelial (Figure 1). Humphreys
et al. have used two parallel genetic tag-
ging strategies to mark those cells with
prior expression of Six2. This involved
crossing Six2-GFPCre transgenic mice
with either Gtrosa26tm1Sor (Flox-flanked
STOP codon) or Z/Red (DsRed.MST) re-
porter lines. As a result, 94% to 95% of
the tubular cells in these crosses were
lacZ- or red fluorescent protein-positive.
The absence of GFP indicated a lack of
continued Six2 expression. If an adult
stem cell were able to contribute to the re-
pair of the tubules, there would be a dilu-
tion of these tags within the epithelial
compartment in response to injury (Fig-
ure 1). Induction of ischaemia reperfusion
injury revealed a rapid burst of prolifera-
tion, with 50.5% of the tagged tubular
cells expressing Ki67 within 2 days. How-
ever, no dilution of RFP or lacZ was ob-
served, implying that no nontubular cells
contribute to the process of repair.
This ‘‘negative’’ result might seem to
provide conclusive evidence for the ab-
sence of adult renal stem cells, as was
argued for the pancreas (Dor et al., 2004).
Is this result as conclusive as it would
appear? This study does disprove the
concept that a nonepithelial multipotent
stem cell normally contributes to tubular
repair in response to acute damage. How-192 Cell Stem Cell 2, March 2008 ª2008 Elsever, in contrast to the approach taken by
Dor et al., the lineage tagged was the pro-
genitor to all tubular cells. This does not
eliminate the possibility of a tubular stem
cell, possibly of more limited potency,
that was derived from the Six2-positive
cap mesenchyme and hence would also
be tagged. To eliminate this possibility,
a marker for the fully differentiated tubular
population that is not expressed in this
putative tubular stem cell would be re-
quired. Such a marker has not been de-
scribed, but several groups have pains-
takingly examined histological evidence
looking for a subpopulation of tubular ep-
ithelial cells with distinct morphology that
may represent this tubular progenitor. On
histological criteria, no such cell exists
(Vogetseder et al., 2007). A thorough anal-
ysis of the postnatal proliferative capacity
of the renal tubular epithelium concluded
that it is indeed the proliferation of differ-
entiated tubular cells that is responsible
for repair in response to renal injury.
Vogetseder et al. (2007) propose that the
capacity of the renal tubules to respond
in this way stems from a large population
of renal tubular epithelial cells resting in
G1 primed to respond to damage rapidly
by dividing.
In chronic renal disease, the ability of
the tubules to repair via proliferation is
compromised and so the challenge to
find new options for treatment of chronic
disease remains. The complete extinction
of a responsive MM population around
birth is not genetically proven, and the
growing understanding that induced plas-
ticity can be achieved even in quite differ-
entiated cells (Yamanaka, 2007) provides
the possibility that manipulation of adult
renal cell populations may allow repair to
occur even in chronic disease. While the
dogma has long predicted that renal tubu-
lar repair involves tubular proliferation,
evidence that this itself is a process that
involves dedifferentiation or mesenchyme
to epithelial transition is also well ac-
cepted (Bacallao and Fine, 1989). Indeed,
the molecular commonality of true dedif-
ferentiation (as is seen in salamanders),evier Inc.wound healing, and stem cells is a topic
of growing interest (Tsonis, 2008). The
putative adult renal stem cells described
to date may represent subfractions that
can be induced to return to a cap mesen-
chyme-like state upon isolation and as
such may still be of use in the treatment
of chronic disease or the bioengineering
of renal replacements.
The study by Humphreys has returned
us to the previous observations of experi-
mental nephrologists and renal patholo-
gists. While strongly challenging the
concept of the existence of a broadly mul-
tipotent adult renal stem cell, it is unlikely
to deter those investigating the possibili-
ties of treating renal disease with cells of
nonrenal origin, such as mesenchymal
stem cells. It will also serve to refocus the
fieldon thepossibility of a stemcell of renal
tubular origin with specific tubular poten-
tial or on alternate approaches to renal re-
pair, suchasdedifferentiation in situorbio-
engineering using human embryonic stem
cells differentiated into renal progenitors.
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